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It has been well established that cortisone (1—4) and the folic acid antagonist
4-aminopteroylglutamic acid (aminopterin) (5—7) exert potent inhibitory effects
on proliferation of mesenchymal derivatives. Demonstration that aminopterin
is therapeutically active in the same spectrum of disorders as respond to cor-
tisone (8, 9) has provided an indication that the beneficial action of cortisone
need not be due to a specific hormonal regulatory influence. Both cortisone and
aminopterin are antianabolic, and their suppressive effects on reparative host
responses may provide an adequate explanation for their ameliorative effects
in a wide variety of clinical and experimental conditions whose only common
denominator is an inflammatory and proliferative response of connective tissue.
The present study is concerned with a comparison of the effects of cortisone,
aminopterin, and ACTH in experimental formaldehyde arthritis and 4 subjects
with psoriatic arthritis. Observations have been made also on the suminative
effects of these agents when employed concurrently in these disorders.
METHODS
A very convenient and reproducible type of "arthritis" was produced by Selye (10)
following injection of formaldehyde into the hind feet of rats. Selye found that this tissue
reaction could be inhibited by ACTH and cortisone. This method lends itself well to the
study of the effects of various pharmacological agents and has been used by Keleman
et al (11), and by Brownlee (12), who demonstrated the protective effects of salicylates
and DOCA plus ascorbic acid.
Male albino rats, weighing 50—80 gin., were bilaterally adrenalectomized by the dorsal
approach and fed Rockland rat pellets and 1% sodium chloride solution ad libitum. The
day after adrenalectomy, 0.1 ml. of 1% formaldehyde was injected into the right hind paw,
just beneath the plantar aponeurosis. This injection was repeated on the fourth day. On
the fifth day an injection of 0.1 ml. of 2% formaldehyde was given at the plantar aponeuro-
sis of the left hind paw. The paw and ankle regions of all were closely inspected before
and 20 minutes and 3 hours after each formaldehyde injection.
The compounds to be tested were given twice daily at 8 a.m. and 1 p.m., beginning on
the day of adrenalectomy, and continued for the 5 days of the experiment. The cortisone,
ACTH, and salicylates were given subcutaneously, the pteroylglutamic acid (PGA), citro-
vorum factor (CF) and epinephrine intramuscularly and the aminopterin orally. The for-
maldehyde injections were given at 11 a.m. and observations recorded at 2 p.m. The citro-
vorum was injected an hour before the aminopterin, in the experiments in which this agent
was administered.
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RESULTS
The results presented in the tables are average readings taken 3 hours after
each formaldehyde injection. The inflammation and edema were arbitrarily
graded from 0+ for normal to 4+ for the maximum severity observed.
Table I shows the combined results of several experiments in which 2 levels
of cortisone, aminopterin and ACTH were given alone and in combination.
All 3 compounds were very active, and a moderate degree of synergism was
evident on the combination of aminopterin and cortisone.
In another set of experiments, epinephrine, cortisone and aminopterin were
tried alone and in combination (Table II). The epinephrine was very active and
also appeared to potentiate the activity of aminopterin and cortisone. We as-
sume here that its activity is due to a local action on the blood vessels and tissue
TABLE I
Comparative Effects of Amino pterin, Cortisone and ACTH on Formaldehyde Arthritis in
Adrenalectomized Rats
NO. OP TESTS NO. OP RATS TREATMENT
AV. DEGREE OP "ARTHRITIS"
2nd day 4th day 5th day
5 10 Control 0 0 0
5 10 IICIIO 3.8 3.6 3.8
5 10 HCHO + 1 mg. Coritsone 0.4 0.8 0.8
2 4 110110 + 0.5 mg. Cortisone 0.5 0.5 1.0
2 4 HCHO + 5', Aminopterin 1.5 1.7 1.5
5 10 HCHO + 10',' Aminopterin 0.8 1.6 1.8
1 2 110110 +
0.5 mg.
5',' Aminopterin +
Cortisone
1.0 0 1.0
2 4 110110 +
1.0 mg.
10',' Aminopterin +
Cortisone
0 1.5 0.5
3 6 110110 + 5 mg. ACTH 1.3 1.3 1.0
2 4 HCHO + 2.5 mg. ACTH 1.5 1.5 1.5
2 4 110110 + 2.5 mg. ACTH +
5',' Aminopterin
0.5 1.2 1.0
in preventing erythema and edema. The aminopterin and cortisone combina-
tion was also particularly effective.
In the third series of experiments, an attempt was made to prevent the effects
of aminopterin and cortisone with pteroylglutamic acid and the citrovorum
factor (Table III). These agents inhibited the effect of aminopterin to a moder-
ate degree, but did not inhibit the effect of cortisone.
The activity of ACTH on formaldehyde arthritis in adrenalectomized rats
led us to attempt the effect of combined adrenalectomy and castration on the
activity of ACTH and cortisone. The results are shown in Table IV. It can be
seen that castration of adrenalectomized rats markedly reduces but does not
completely abolish the effect of ACTH in preventing the arthritis. Castration
had no effect on the activity of cortisone. No signs of accessory adrenal tissue
have been observed in our strain of rats.
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TABLE II
Comparative Effects of Aininopterin, Cortisone and Epinephrine on Formaldehyde Arthritis
in Adrenalectomized Rats
AV. DEGREE OF "ARTHRITIS"
NO. OF TESTS NO. OF RATS TREATMENT
2nd day 4th day 5th day
2 4 Control 0 0 0
2 4 HCHO 4.0 4.0 3.3
2 4 HCHO + 1 mg. Cortisone 1.0 2.5 1.2
2 4 HCHO + 1507 Epinephrine* 0 2.5 0.5
2 4 HCHO + 1507 Epinephrine* +
1 mg. Cortisone
0.2 0.7 0.5
2 4 HCHO + 107 Aminopterin 0.2 2.2 1.7
2 4 HCHO + 107 Aminopterin +
1 mg. Cortisone
0 1.5 0
2 4 HCHO + lOy Aminopterin +
1507 Epinephrine*
0 1.2 0.5
2 4 HCHO + 107 Aminopterin +
1 mg. Coritsone + lSOy Epi-
nephrine*
0 1.2 0
* per 100 gm. body wt.
TABLE 111
Effect of Pteroylglutamic Acid and Citrovorum Factor on Inhibition by Amino pterin and
Cortisone of Formaldehyde Arthritis in Adrenalectomized Rats
AV. DEGREE OF "ARTHRITIS"
NO. OF TESTS NO. OF RATS TREATMENT
____________________________
2nd day 4th day 5th day
2 4 Control 0 0 0
2 4 HCIIO 3.5 3.7 4.0
2 4 HCHO + 1 mg. Cortisone 0.5 0.7 1.2
2 4 HCHO + 107 Aminopterin 0.5 0.5 2.2
2 4 HCHO+lmg.PGA 3.2 3.2 3.2
2 4 HCHO + lOQy C.F. 3.2 3.5 3.2
2 4 HCIIO + lOy Aminopterin + 1 0 0.7 0.7
Ing. Cortisone
2 4 HCHO + 1 mg. PGA + lOOy 3.2 3.5 2.7
C.F.
2 4 HCHO + 1 mg. PGA + lOOy 2.2 3.0 2.5
C.F. + lOy Aminopterin
2 4 HCHO + 1 mg. PGA + lOOy 1.5 1.7 1.2
C.F. + lOy Anainopterin + 1
mg. Cortisone
2 4 HCHO + lOOy C.F. + lOy 2.0 2.0 1.7
Aminopterin
Table V shows the effect of cortisone, ACTH and aminopterin on formalde-
hydr arthritis in normal rats not subjected to adrenalectomy. The synergism
between aminopterin and cortisone was very pronounced in these experiments.
TABLE IV
Effect of Castration on Action of Cortisone and ACTH on Formaldehyde Arthritis in
Adrenalectomized Rats
NO. or TESTS NO. 07 RATS TREATMENT
AV. DEGREE 07 "ARTHRITIS"
2nd day 4th day 5th day
2
2
2
2
2
2
2
2
2
2
4
4
4
4
4
4
4
4
8
8
Control
Castrated
HCHO
Castrated + HCHO
HCHO + 1 mg. Cortisone
Castrated + HCHO + 1 mg.
Cortisone
HCHO + 2.5 mg. ACTH
Castrated + HCIIO + 2.5 mg.
ACTH
HCHO+5.Omg.ACTH
Castrated + HCHO + 5.0 mg.
ACTH
0
0
4.0
3.5
1.7
0.7
0.7
2.5
0.3
1.2
0
0
3.7
4.0
1.7
0.7
1.2
2.5
0.5
1.6
0
0
3.5
4.0
0.7
1.0
2.5
2.2
0.8
2.3
TABLE V
Comparative Effects of Aminopterin, Cortisone and ACTH on Formaldehyde Arthritis in
Normal Rats
NO. OP TESTS NO. OP RATS TREATMENT
AV. DEGREE OP "ARTHRITIS"
2nd day 4th day 5th day
2
2
2
2
2
2
2
2
2
2
4
4
4
4
4
4
4
4
4
4
Control
HCHO
HCHO + 1 mg. Cortisone
HCHO + 50O Cortisone
HCHO + 57 Aminopterin
HCHO + l0'y Aminopterin
HCHO + 5y Aminopterin +
500y Cortisone
UCHO + 5 mg. ACTH
HCHO + 2.5 xng. ACTH
HCHO + 2.5 mg. ACTH + Sy
Aminopterin
0
4.0
0.7
1.7
1.5
1.7
1.0
0
1.0
0.5
0
4.0
1.0
1.5
1.0
1.7
0.5
0
0.5
0
0
3.7
1.5
2.2
2.0
1.7
0.7
1.2
1.5
1.2
TABLE VI
Effect of Salicylates on Formaldehyde Arthritis in Adrenalectomized Rats
NO. 07 TESTS NO. OF RATS TREATMENT
AV. DEGREE OP "ARTKRITIS"
2nd day 4th day 5th day
2
2
2
2
2
4
4
4
4
4
Control
HCHO
HCHO + 5 mg. Cortisone
HCHO + 55 mg. Na salicylate5
HCHO + 55 mg. i3-naphythyl
salicylate*
0
3.7
0.5
0.7
0.7
0
2.7
0.2
1.5
1.0
0
3.7
0.2
1.0
1.0
* per 100 gin, body wt.
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The activity of two salicylates is shown in the results presented in Table VI,
confirming the results of Keleman et al (U).
FIG. 1. Degree of improvement in four subjects with Psoriatic Arthritis, receiving
Aminopterin, Cortisone, and Aminopterin pius Cortisone.
CLINICAL OBSERVATIONS
Four subjects with psoriatic arthritis were treated with aminopterin and
cortisone individually and in combined regimens. Therapeutic results, expressed
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in degree of improvement are summarized in Figure 1. In all four cases severe
rheumatoid arthritis and psoriasis of long-standing co-existed. Detailed case
histories of these subjects have been presented elsewhere (16). Aminopterin
was given orally in daily dosage of 1.0 to 2.0 mg. until a total of fourteen to
twenty-eight milligrams had been administered. Striking improvement in pso-
riatic lesions was observed in all subjects, and distinct amelioration of arthritic
symptoms occurred in three of the four cases. These changes became evident
usually after ten to fifteen milligrams of aminopterin had been given, and re-
missions lasted for periods varying from two weeks to three months. The degree
of improvement of arthritis was distinctly less than that afforded by cortisone.
Administration of cortisone together with aminopterin resulted in more com-
plete improvement than occurred with either cortisone or aminopterin alone,
suggesting a definite summative effect. Psoriatic lesions were much less bene-
fited by cortisone than by aminopteriri; and the addition of minimal doses of
aminopterin (one half the dose when employed alone) did riot significantly add
to the therapeutic effect of cortisone on the psoriatic lesions.
COMMENT
The activity of aminopterin in inhibiting experimental formaldehyde arthritis
cannot be imputed to endogenous adrenocortical hormonal stimulation, for
these experiments were conducted in fully adrenalectomized animals. In human
subj ects receiving aminopterin no evidence of adren ocortical activation has
been observed, as indicated by the absence of any eosinopenic effect (9). The
suppressive effect of salicylates on experimental formaldehyde arthritis in ad-
renalectomized animals likewise points to a direct inhibitory effect of salicylate
on connective tissue; although recent studies which have called attention to
similarities in the pharmacological actions of salicylates and adrenal cortical
hormones have suggested that, in addition, the therapeutic effects of salicylates
may at least in part be due to activation of the adrenal cortex (13, 14).
The findings of this study are consonant with the view previously expressed
(9) that the beneficial effects of aminopteriri, cortisone and ACTH, as well as
salicylates and Roentgen ray therapy, are due to a direct inhibitory action on
connective tissue with suppression of inflammatory and proliferative responses
to noxious agents. The precise metabolic actions of aminopterin and cortisone
which are responsible for these effects are not known. The two agents do not
appear to act at the same locus, for citrovorum and pteroylglutamic acid in tins
study opposed the action of aminopterin, but not of cortisone.
Although in experimental arthritis the suppressive effect of aminopterin is
almost as great as that of cortisone and ACTH, clinically the therapeutic effi-
cacy of aminopterin in arthritis associated with psoriasis and in rheumatoid
arthritis is distinctly less than that observed with cortisone and ACTH, al-
though more protracted. Apart from amelioration of symptoms, and a subsi-
dence of acute exudative signs of arthritis and periarthritic involvement with
accompanying functional improvement in arthritic subjects receiving amino-
pterin, there was no indication of any effect on the course of the disease as
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revealed by such laboratory indices as gamma globulin levels and erythrocyte
sedimentation rate.
While the inhibitory effect of aminopterin on connective tissue, at least clini-
cally, is not of the same magnitude as that produced by cortisone and ACTH,
the effect on epithelial derivatives is very much greater. This was indicated in
the present study by the striking action of aminopterin on the skin lesions in
the subjects with psoriatic arthritis, whereas cortisone, and ACTH in one case
exerted only relatively slight effect. Immediate and florid relapse of psoriatic
lesions occurred on discontinuing cortisone in the 2 subjects who were benefited.
Others, similarly, have reported discouraging results in subjects with psoriasis
treated with cortisone (15).
In addition to its effect on the lesions of psoriasis, aminopterin has been ob-
served to produce a remission in the cutaneous lesions of a variety of chronic
indurative dermatoses (16). Other indications of a potent inhibitory effect of
aminopterin on epithelial tissues are seen in the regular development of atrophy
and shallow ulceration of the buccal mucosa, and the frequent occurrence of
alopecia in subjects receiving aminopterin. Of particular interest has been the
observation of interference with normal healing and epithelial regeneration in
seven subj ects treated with aminopterin. This has been observed also with
cortisone by Plotz and co-workers (17) in experimental studies on wound healing.
The finding that aminopterin consistently enhances the therapeutic effect of
cortisone and ACTH both in adrenalectomized rats (Tables I and II) and in
normal rats (Table V), as well as in man, is of some practical clinical interest.
Aniinopterin is too toxic a drug to permit continued employment in full dosage
over extended periods of time. Cortisone and ACTH likewise, in addition to
their expense, are not ideally suited for protracted use in large dosage because
of associated hormonal effects. The employment of aminopterin may prove use-
ful as an adjuvant to therapy with cortisone and ACTH, particularly in a
chronic disease such as rheumatoid arthritis, so that effective relief may be
maintained with smaller dosage of these agents than would be the case were
they used individually.
SUMMARY
The development of experimental arthritis provoked by injection of formalde-
hyde in the hind paw of rats is suppressed by administration of aminopterin,
cortisone, ACTH and epinephrine.
Inhibition of formaldehyde arthritis by these agents occurs in bilaterally
adrenalectomized animals we well as in normal rats, so that the effects are not
mediated by adrenal cortical activation. The effect of ACTII in adrenalec-
tomized animals is largely voided by castration.
The inhibitory effect of aminopterin is partially opposed by the citrovoruxn
factor and by pteroylglutamic acid at the levels used.
Clinically the effect of aminopterin in arthritis is decidedly less than that of
cortisone and ACTH; and apart from relief of symptoms and subsidence of
exudative articular and periarticular changes there is no effect on the course
of the disease.
304 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Aminopterin is much more active than cortisone in its effects on the cuta-
neous manifestations of psoriatic arthritis. Aminopterin is a potent inhibitor
of epithelial regeneration and proliferation as indicated by its ameliorative
effects in psoriasis and chronic indurative dermatoses, atrophy and ulceration
of the buccal mucosa, alopecia, thinning of the dermis with excoriation of con-
tact surfaces, and marked interference with wound healing.
The findings of this study lend support to the hypothesis that the beneficial
effects of cortisone in mesenchymal disorders are due to suppression of inflam-
matory and proliferative tissue responses.
A synergistic effect is observed both in experimental and clinical arthritis
when aminopterin and cortisone are employed concurrently, and also when ad-
ministration of aminopterin is combined with ACTH or epinephrine. This may
have practical clinical utility in permitting the effective use of small doses of
these agents, particularly in chronic disorders.
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